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For Credit Linked Notes there is no comparable study of overpricing. In our opinion the results of such a study will be of special concern because it will shed more light on the reasons for the overpricing. These products are similar to bonds as well as to reverse convertibles and make the retail investors believe, that they are straight bonds. Furthermore, the replicability for the private investor is in opposite to the institutional investor not practicable and the valuation is depending on the individual characteristics scaleable complex.
Therefore, we can measure the complexity on an ordered scale, because complexity strictly increases with the number of reference entities and payments days.
In this paper we analyzed the pricing of the 136 outstanding CLN of the four major issuers in the German market. To this end we applied a market based valuation model for CLN, which is based on the reduced model of Jarrow/Turnbull and extended by the single factor Merton model to estimate the joint default probabilities out of assets correlations. The model was calibrated by CDS-spreads and correlations of stock returns for the underlying reference entities.
We found out that the observed CLN are generally overpriced in the primary market: Thereby the result is robust to changes of recovery rates or correlation coefficients. As market maker, issuers of structured financial products participate in almost every transaction and they have the incentive to overprice. The more complex the product and the less transparent the market is, the larger overpricing there tends to be. This consideration is confirmed by the results regarding our major hypothesis of overpricing and the extent of overpricing is positively correlated with the number of underlying reference entities, the coupon rates and the maturity of the contract. 1 Introduction
Motivation
The bankruptcy of the fourth-largest US investment bank Lehman Brothers has set off an earthquake in the global financial market. Not only the prices of Lehman shares and bonds went through the floor, but also many other related credit derivatives were strongly affected.
One special kind of these derivatives that concerns retail investors is known as Credit Linked Notes (CLN). Compared to structured products faced to institutional investors, CLN usually offer individual investors attractive coupon payment linked to bonds issued by one or several large reference entities, which are generally considered "too big to default". After Lehman's bankruptcy, we observed that the related CLN in Germany, Singapore and Hong Kong became almost worthless. This raises investors by nature the question, if the issue prices of these instruments were fair and adequate to the related risk.
Literature review and research question
There are several studies on equity linked notes or rather certificates especially on the European Markets. Whereas the first studies of Chen and Kensinger [1990] and Chen and Sears [1990] concentrated on finding significant deviations between quoted prices and theoretical fair values of products in the US market, later studies of e.g. Burth et al. [2001] , Brown and Davis [2004] Wilkens et al. [2003] or Gruenbichler and Wohlwend [2005] .
ascertained the overpricing in several non-U.S. primary markets for reverse convertibles, discount certificates or endowment warrants. Consequently the following studies were concentrating to illuminate the cause of overpricing. Among others (see e.g. Benet et al [2006] or Entrop et al. [2009] ) overpricing seems to be positively related to the replicability and the complexity of the product, which several studies support (See Hernández et al., 2007a and Stoimenov and Wilkens, 2005) . According to Wallmeier and Diethelm [2009] the titular high coupon stimulated especially the interests of the retail investors.
For Credit Linked there is no comparable study of overpricing. In our opinion the results of such a study will be of special concern because it will shed more light on the reasons for the overpricing. These products are similar to bonds as well as to reverse convertibles and make the retail investors believe, that they are straight bonds. Furthermore the replicability for the private investor is in opposite to the institutional investor not practicable and the valuation is depending on the individual characteristics scaleable complex. Therefore we can measure the complexity on an ordered scale, because complexity strictly increases with the number of reference entities and payments days.
In order to answer this question, we first identified all major CLN issuers in the German market and gathered the issue prospectuses about their 136 outstanding CLN products. After the data collection, a valuation model was developed to determine only by market prices their theoretical fair values. By analyzing the differences between the calculated fair values and the offered prices, we were able to not only find out the answer to our major question. Several hypotheses we made about the German CLN market could also be verified empirically.
Structure of this document
In the beginning, we will introduce the underlying theory of credit derivatives with special focus on CLN and state our hypotheses. After that we will explain the details of our valuation framework. The data sources used during the valuation process will then be described in the following section. Having both the model and the data prepared, we will present the results of CLN valuation and test which of the hypotheses we made before the valuation are statistically valid. At last, the knowledge gained by our empirical analysis will be summarized and some suggestions concerning the improvement and extension of our work will also be provided.
Products and hypotheses

Credit Linked Notes for the retail investor
A Credit Linked Note (CLN) is a credit derivative that means a bilateral contract under which the seller sells protection against the credit risk of the reference entity and receives a certain premium from the protection buyer [Fabozzi et al. 2007, p. 67] . Because the payments under the credit derivative are funded using securitization techniques to support all of the potential losses on the underlying, the protection buyer, the issuer of the notes, has not the risk whether the seller or investor will be able to pay in case of the credit event. This enables the participation of a larger group of players including retail investors willing to bear that risk in return for the higher yield. The payment structure of CLN is linked to the credit standing of one or several underlying reference assets (see figure 1) . In case of a credit event, the coupon payment will be suspended and the investors will receive a recovery rate in form of either cash settlement or physical delivery of the underlying assets. In addition to the credit risk of the reference assets, investors also bear the credit risk of the corresponding CLN issuer.
Depending on the form of the embedded credit derivatives, CLN can be further divided into several categories, each of them has a more specific name accordingly [Telpner 2004, p. 10] . The scope of our work covers Credit Default Notes and Basket Credit Default Notes, which also represent the vast majority of the CLN variants in the retail German market. We will continue to use the generic term CLN since it is more widely known.
Hypotheses
The fact that the protection buyer of other credit derivative products must bear the risk that the protection seller defaults makes the public offering of most types of credit derivatives in retail market very difficult. Therefore CLN are the only major credit derivative products The more underlying reference entities there are, the more significant the overpricing is.
The third hypothesis is about the "first sight effect" of the coupon payments comparable to equity linked bonds [Wallmeier and Diethelm, 2009, p. 12] . There are usually hidden factors behind high coupon rates, which could be e.g. an extremely risky underlying or general high interest level in the market, which the investor does not realize. It could be especially confusing for those CLN with mixed coupon structure, which usually include high rate fixed payments at the beginning, followed by float rate payments. Therefore, height and type of coupon payments could also affect the significance of overpricing:
-Hypothesis 3
The higher the coupon rate is, the more significant the overpricing is.
CLN with longer maturities incorporates greater risk that the creditworthiness of the underlying reference entities will change. Since longer maturity usually indicates more payment days, the number of payment days will be used as additional control variable during the test. Moreover, during the valuation we have realized that the complexity of calculation strictly increases with the number of payment days. According to our model, it could take days to determine the fair price of a complex CLN product with long maturity which includes many payment days, especially if it has large number of underlying references [See similar Stoimenov and Wilkens, 2005, p. 2980] . Using again the complexity argument, we have similar suspects as for the second hypothesis:
-Hypothesis 4
The longer the maturity is, the more significant the overpricing is.
We also want to find out if the overpricing has decreased along with the development of the CLN market [See similar Szymanowska et al. 2009, p. 913] :
The earlier the date of issue is, the more significant the overpricing is.
Following Szymanowska et al. [2009, p. 917 ] the market power and marketing strategy of the issuer might also have a significant influence. With the last hypothesis we try to find out if this idea might be correct:
The more products an issuer offers, the more significant the overpricing is.
3 Methodology
Choice of Model
Although there is still no industrial standard valuation model which applies to all credit derivatives at the moment, two basic theoretical approaches are usually applied to model the credit risks [Bielecki and Rutkowski (2002) , p. 26]. On one hand, the structured model is developed from the work of Merton [1974] . In compliance with Hui and Lo [2002] the value of a firm is modeled as a continuous diffusion process and a default will happen if the firm value falls below a barrier, which could be interpreted as the liability of the firm. Usually the stock price is used to calibrate the valuation model, since stocks can be seen as options of firm value. On the other hand, the reduced form model [Jarrow/Turnbull, 1997; Duffie/Singleton, 1994 ] is characterized by the presumptions about the intensity rate, the risk free rate, the correlation and the recovery rate. The default is modeled as a stochastic event depending on the intensity rate of the underlying process, under which macro economic factors and firm specific data can be integrated. The value of related credit derivatives can be modeled as expectations depending on the realization of the involved stochastic process. The calibration of the process is based on the price of defaultable instruments such as bond to build a complete interest and credit spread structure, out of which the probability of default can be derived.
Considering the advantages of the existing credit risk models and the data available, we choose to follow the approach of reduced form model. Our approach can be understood as a multi-borrower Jarrow/Turnbull model, whereby the default probabilities are calculated out of CDS spreads. Then these probabilities are used to calculate the net present value of a CLN contract. In addition, we incorporated the asset correlation of the underlying assets, so that the model is flexible enough to model multiple defaults of the reference entities, which is important for the valuation of CLN with multiple references. Details of our approach will be explained in the following sections. Because the data set is limited to yearly CDS contracts, we have to impose assumptions to calculate implied default probabilities on the whole positive scale. To simplify the case, we assume that the amount of recovery rate will also be paid on the next possible CDS premium payment dates in case of default. This means any credit event occurred during a quarter of a year will be settled at the end of the quarter accordingly. Furthermore, for each CDS contract, the probability of default q is assumed to be the same for each quarter of a year. This assumption guarantees that we are able to calculate four probabilities having only one CDS spread.
Based on these two assumptions, we can now discount the expected cash flows which should sum to zero so that no arbitrage is possible. We start with the one year CDS: The CDS spread is set in such a way that the swap is priced fair (See similar Hull and White
[2003]):
With the spot rate yield curve and CDS spreads prepared before, the quarterly probability of default for one year CDS q 1/4 can be solved out of this equation. After that, we get the cumulative and probability of default for the end of the first year: Since CDS contracts with different maturities share the same underlying reference entity, they should also share the same cumulated probability of default during the same period of time.
Therefore, the cumulated default probability q n-1 for the first year can be adopted while calculating the quarterly probability of default q n-1|4 for a CDS with maturity of n years. Following this procedure, we can calculate the quarterly probability of default for CDS with maturities of n years, as long as the CDS spreads are available.
and   represents the ceil function traced back to Gauss. The implied default probabilities q n/4 can be solved out of this upper equation. The cumulative probability of default is defined recursively as
In our case, we get the cumulative probability of default q 1 , q 2 , …, q n for the end of each year.
Furthermore q 0 =0, since default at the date of issue 0 t is considered to be impossible. The last step is to estimate a continuous curve of cumulated default probability out of the eleven data points we have already calculated. The smoothing method we applied was natural cubic spline interpolation [Press et al., 2007, pp. 120-124] . This results in continuous isotonic function of the cumulative probability of default named Q(t)=s(q 1 ,q 2 ,… q n ).
Valuation of CLN with fixed coupon rate
Our first goal is to price a CLN with annual or semiannual fixed coupon rate f C maturing in T m at a face value of N. The price of issue is V i . Let the date of issue be 0 T and the following payment dates be T 1 ,T 2 ,…,T m . Based on the default probabilities curve Q(t), we can estimate 1 That there is always a unique solution is proven in the appendix. One major reason why CLN pricing could be difficult is that this kind of product hardly defaults, because the reference entities are usually giant corporations or sovereigns with excellent creditworthiness. Therefore, it is hard to predict the recovery rate in such a scenario.
Along with the financial crisis, we were able to observe the empirical recovery rate for the first time. After Lehman's declaration of bankruptcy on the 15 th September 2008, the six affected CLN of DZ Bank were quoted round 10% of their face value. The only Lehman referenced CLN of the Commerzbank was even quoted at 2% 2 . Four weeks later, retail investors found the realized recovery rate for one of these CLN to be 8.8%. Further, in the product specification of the Commerzbank, a cash settlement of 1% nominal value in case of default is defined as an alternative to the delivery of the cheapest bond. Taking all these information into account, we first assumed the recovery rate of CLN to be 8.8%
0.088
As second assumption we used the recovery rate given by rating agencies and in the literature 35 . 0 REC CLN = . In this case the rate is a conservative high value, because the payment is not directly comparable to the recovery rate, since the first one is fixed directly after the credit event. Therefore according to the prospectuses the recovery rate is derived either from bonds quoted or from the average quote of three other banks for a hypothetical claim, which is downwards biased.
If we impose the further assumption, that the issuer is nearly risk free, we can simply discount the expected cash flows back to the date of issue to determine the sum of the present values, which is also the fair price of such an instrument:
2 Price quoted on the 19 th September 2008 from Onvista.
t is the result of the floor function.
To calculate the overpricing we evaluate the difference between the theoretical fair price f V and the price of issue in reality. Furthermore, we can assume the price of issue to be fair and estimate the minimal recovery rate which fulfills this assumption.
The price difference V ∆ and the minimal recovery rate min REC are two major indicators to determine if a CLN product is overpriced.
CLN with float coupon rate
As mentioned in chapter two, the CLN we include also products with float rate coupon payments. Since they only represent the minority of the entire data set, we did not apply complex interest rate model explicitly for them. Instead, we used analogously to practical approaches the forward rates, which are derived from spot rates on the date of issue, to predict the coupon on each payment day based on the information available at the date of issue. Take a CLN with quarterly coupon payment of three month EURIBOR rate plus b basis points as example, the forward rate for the payment in T t denoted as
. Adding the b basis points of bonus, the coupon rate for the period T t-1 to T t is determined as:
The calculation of fair price and the minimal recovery rate is similar to the case of CLN with fixed coupon rate.
Valuation of multiple referenced CLN
So far, we are able to valuate all the observed CLN with single reference entity. The next step is to extend our model to handle multiple referenced CLN with o reference entities. Since all the observed CLN follow the principle of "first to default", which means as long as one credit event of any underlying reference entity is identified, the contract will be terminated and paid off immediately. The key issue of pricing a CLN with more than one reference entity is to calculate the probability under which any single or combination of the reference entities will default. Therefore, we need to extend our model to handle joint defaults.
Therefore we choose the single factor model, because it simply assumes that the economic fortune of a creditor depends only on the realization of one underlying latent process, which is interpreted by Merton as the Asset Value Process. 3 In this model, the default probability q i of the creditor i is the probability under which the latent score variable i R falls below the threshold value i c [Hull 2009, pp. 512-516 and pp. 542-547] .
The score variable i R of a portfolio with o creditors can be parameterized using a single systematic factor which represents the general uncertainty of the market. The first step is to calculate the joint default probability of two or more different reference entities regarding a time horizon of T k , which can be expressed as:
This means a joint default will occur, if and only if credit events for all creditors occur in the observed period of time. The joint default probability depends on the joint distribution of i R .
Since the vector R=(R 1 ,R 2 ,…,R o )' is o-dimensional normally distributed with the correlation matrix of Corr(R), all the marginal distributions are also standard normal distributed.
Therefore, the joint default probability can be calculated by:
where c=(c 1 ,c 2 ,…,c o )' is the vector of thresholds, Φ o the distribution function of o-variat normal distribution with correlation of Corr(R). Since i c depends on the individual default probabilities p i , the joint default probability can be finally calculated as:
Based on the theory of single factor Merton model, we can calculate the joint default probability of any combination of reference entities within a portfolio given the same time horizon.
Original work on the application of single factor model for credit risk measurement include the publications of Gordy [2003] and Schoenbucher [2007] . whereby σ j ∈ℜ j indicates all possible permutations of the original vector (1,2,…,j) . The cardinal number of ℜ j matches the binomial coefficient:
Because the products are first to default notes we are interested in the probability that any reference goes into default: . This probability can now be used to calculate the fair value in the same way as we did for the CLN with single reference entity. So far, we have a complete model which is able to valuate all observed CLN products, as long as the data including CDS spreads and assets correlations are available.
Data sources and tools
CLN data
As mentioned before, we identified four major German CLN issuers: the Commerzbank, the DZ-Bank, the Landesbank Baden-Württemberg (LBBW) and the HypoVereinsbank (HVB).
According to our model, the common data we need to extract out of each individual product 
Other input parameters
Besides the CLN data collected from the individual product description, we also need some other parameters to achieve the valuation according to our model. In order to discount the cash flows to the date of issue, we need the risk free spot rate on daily basis. This yield curve can be estimated using the Nelson-Siegel-Svensson method [Svensson, 1994] , which is also used by the German Central Bank. According to the Svensson method, six input parameters are required to calculate the spot rate. For Germany, these parameters are available on a daily basis in form of time series at the Deutsche Bundesbank.
The CDS spreads of the reference entities were retrieved through the Datastream of Thomson
Reuters, which use the historical data of CMA as source 5 . Daily quoted closing rates of senior CDS, with maturity from one year to ten years, are available for most of our reference entities needed since 2005.
In order to calculate the joint default probabilities for CLN with multiple underlying reference entities, we need their asset correlation. We used the Yahoo Finance Germany as the data source and took 180 days of stock return before the date of issue for each underlying corporation. As for national sovereign, we took the major stock index in each underlying country and calculated the 180 days return: 
Overpricing
The major objective of our work is to find out if the outstanding CLN products in the German retail market are overpriced. According to our model, this hypothesis can be verified based on either the difference between the calculated fair price f V and the price of issue i V , or the minimal required recovery rate. To enhance comparability, we exhibited the price difference V ∆ as the percentage of issuing price. Assuming the recovery rate to be 8.8%, we get the following ordered results: As shown in the chart, only one out of the 136 analyzed CLN was issued under the theoretical fair price, all the others were overpriced with maximal difference of up to 45%. In average, the overpricing reached 8.87% with a standard deviation of 0.082. Following the methodology of Burth et al. [2001] a Wilcoxon signed rank test was applied to verify this result. The probability of symmetrical distribution is less than 0.5%. Therefore, the null hypothesis of symmetrically distributed price difference is rejected. In other words, there exists a significant overpricing. Even if we use the 35% recovery rate the result doesn't change. The average overpricing is still 5,12%, according to the Wilcoxon signed rank test the hypothesis of symmetrical distribution can be rejected on a significance level smaller than 0.5%. Among the most mispriced 68 CLN there is only one underpriced. The result appears even more dramatic at the option component and the average overpricing is then 67% and 53% for the two recovery rates.
On the other hand, in order to make the price of issue to be fair, the minimal required 
Figure 7: Minimal recovery rate based on different correlations
The average value of required recovery rate is 66%. 17 of the 136 CLN are overpriced even given a recovery rate of 100%. The unrealistic recovery rates prove further that the analyzed CLN are significantly overpriced.
Furthermore, we analyzed the data sample of each individual issuer: As is shown in the charts, the hypothesis of overpricing can be verified independently from the CLN issuer.
We also divide our data sample according to their date of issue to find out if the overpricing only exists in a certain period of time: At last, we simulated the two extreme cases of totally independent and totally dependent defaults for CLN with multiple underlying reference entities to test if the results are robust. In the first case naturally all CLN are overpriced. In the latter case we used the maximum of the probabilities of all o entities as the first to default probability.
Since in the case of total dependency these newly calculated combined default probabilities are generally lower than the ones calculated based on Merton model, we will get less significant results of overpricing, which are indicated by smaller positive price differences and lower required minimal recovery rates.
Compared with the results before, we have a smaller average price difference of 3.93 percent, where 121 out of the 136 CLN are overpriced; the average minimal recovery rate is lowered to 47.87 percent and the same 17 products are still overpriced given a recovery rate of 100%.
Again, according to the Wilcoxon signed rank test, there exists a significant overpricing even if we push the assumption of defaults correlation to the extreme case.
Other hypotheses
In order to test the other hypotheses about the possible driving factors which could influence the significance of overpricing, a multiple linear regression analysis is performed which includes the following influence factors as independent variables [see similar e.g. Hernández et al., 2007b, p. 14]:
-Number of reference entities NoR : used to test the Hypothesis 2.
-Coupon rate CR : agreed amount in percentage for CLN with fixed coupon and estimated average value for CLN with variable or mixed coupon, used to test the Hypothesis 3.
-Coupon type CT : either takes the value of 1 for pure fixed coupon or 0 for float rates based coupon, used as additional control variable to test the Hypothesis 3.
-Maturity Mat : duration of contracts expressed in years, used to test the Hypothesis 4.
-Number of payments NoP : number of payment days agreed assuming no default, used to test the Hypothesis 5.
-Date of issue DoI : defined as the distance from the 1 st January 2004, used to test the Hypothesis 5.
-Issuer LBBW , DZ , HVB : Three larger issuers of the three are defined as independent variables to test the Hypothesis 6.
Two strong correlations were found under these independent variables: These correlations can also be explained intuitively:
-The longer the maturity of a CLN contract is, more probably will it be arranged with more periodical coupon payments in between -Float rate CLN has more payment days since the coupon are mostly paid every three months, while fixed rate CLN are mostly paid annually Furthermore, since all the products of HVB are single referenced, which represent the majority of the single referenced CLN, there exist strong correlation between the number of references and the issuer. After regressing each independent variable with all others, we found only the following 8 combinations which fulfill the requirement of not collinear regressor: Comparing the critical value of F-test and the generated test statistics we can see that the first regression is significant in general, with an adjusted coefficient of determination of 53 percent. In order to have homoscedastic residues, we applied a weigthed least square estimation on the data of affected independent variables [Griffiths et al., 1993, p. 502] . By applying this transformation to each independent variable with heteroscedastic residues, we get valid tstatistics accordingly. As a result, NoR , CR and CT remain significant.
The same procedure was applied to all other regression equation, the results of all regressions based on the dependent variable V ∆ can be consolidated in the following table: Having the price difference as the dependent variable will lead to heteroscedastic residues for almost half of the independent variables. After the weighted least square regression , NoR , CR , CT , and NoP were tested to be significant in all corresponding regressions; 6 Mat is at 95% and 99% significant in its two regressions; the while the date of issue and the issuers could not be proved to have significant impact on the price difference. Consequently NoP seems to be more determined by CT than by Mat, which can be proven by the fact, that due to the quarterly coupon frequency of the variable notes CT of variable notes is extraordinary high. Therefore CT might be the result of the use of the common bank approach in valuing floaters. Hence a credit risk free floaters are priced correctly, it is unlikely.
Tests based on required minimal recovery rate
In the second step we made the above regressions with the recovery rate as the new dependent variable. In opposite to the earlier regressions only a fistful equations are proved to show 6 According to a Kolmogorov/Smirnov-test and a Likelihood-ratio-test the hypothesis of non-normal residuals can not be rejected in all expect of two regressions on a 5%-level. Anyhow, after correcting for the heteroskedasticity the effect of non-normality vanishes. Due to the application of DoI in 7 of the 8 regressions as independent variable positive or negative autocorrelation in the residuals can not be verified. Compared to the results based on price difference, defining the required minimal recovery rate as the dependent variable will lead to significance of the regressors of NoR , CT and Mat . While the significance of NoP and CR could only be verified partially, the impact of issuer and date of issue still can not be robustly proved.
Consolidating the results of all 24 regression equations, we conclude that for the data sample analyzed, the first three hypotheses are valid, while the rest three hypotheses can not be verified statistically.
On the one hand, it is difficult, especially for retail investors, to estimate the default risks with large number of underlying reference entities, since the calculation requires sophisticated model and wide range of data. This asymmetry of information often encourages issuers to overprice their products. That complexity, here measured by the number of reference entities, plays a key role and is supported by our results as well by the size of overpricing, which is in the line with many studies, e. g. Gruenbichler and Wohlwend [2005, p. 372] , Hernández et al. [2007b, p. 26] , Szymanowska et al. [2009, p. 907] or Stoimenov and Wilkens [2005, p. 
2986].
Moreover, a complex coupon structure and long maturity which involves both fixed and float coupon rates might seem to be more attractive for most investors (See for similar results Benet et al. [2006, p. 124] or Hernández et al. [2007a, p. 33 conditions based on their first sight. Hidden factors behind the high fixed coupon rate usually make these products even more overpriced compared to those with simple coupon structure. This is partly in contradiction to the studies of Burth et al. [2001, p. 13] , or Hernández et al. [2007b, p. 26] , whose sample include non coupon bearing instruments, but our results coincide with Wallmeier and Diethelm [2009, p. 17] .
On the other hand, no significant impact on the extent of overpricing can be proved for the factor date of issue and no significant difference was found among the pricing behaviors of different issuers [see for opposite results Hernández et al. [2007a, p. 32 
Summary and outlook
In this paper we analyzed the pricing of the 136 outstanding CLN of the four major issuers on the German market. To this end we applied a market based valuation model for CLN, which is based on the reduced model of Jarrow/Turnbull and extended by the single factor Merton model to estimate the joint default probabilities out of assets correlations. The model was calibrated by CDS-spreads and correlations of stock returns for the underlying reference entities.
We found out that the observed CLN are generally overpriced in the primary market: Thereby the result is robust to changes of recovery rates or correlation coefficients. Furthermore four of the six hypotheses we made before the valuation were statistically tested to be valid. As for CLN in the German market, we have analyzed the price of issue for the first time and our major finding is widely consistent with those previous results in the literature: As market maker, issuers of structured financial products participate in almost every transaction and they have the incentive to overprice. The more complex the product and the less transparent the market is, the larger overpricing there tends to be. This consideration is confirmed by the results regarding our major hypothesis of overpricing and the extent of overpricing is positively correlated with the number of underlying reference entities, the coupon rates and the maturity of the contract.
There are a lot of possibilities to extend our work. Besides the valuation of CLN on the date of their issue, we can apply the same model to calculate the daily fair prices and compare them to the daily quoted prices. By tracking the daily development of price difference, the hypothesis of product life cycle can also be tested for CLN. Moreover, the change of interest rate can also be modeled more specifically to calculate more accurate fair prices of CLN with float coupon payments. Last but not least, the valuation framework can be used for CLN products issued in other regions to test if the verified hypotheses in the German market are universally valid.
APPENDIX
Prove for unity and existence of a default probability:
First we look at the one year CDS. Furthermore we assume, that the default probability q 0.25 is constant trough out one year. This assumption is necessary to shrink the conditions of freedom to one for one given CDS-spread Instead of the default probability q 0.25 the quarterly probability of survival x is used, which leads to: Hence the defining equation has no inflexion point and therefore one positive survival probability.
Qued.
In case of a CDS with a maturity longer than one year, the CDS can be recombined out of the present value of the payments for the first periods and a CDS for last period. In case the present value for the first payments is negative the arguments of above still hold. If the present value is positive, it has to be smaller than -0.6·d 0.25+p to ensure a solution.
Therefore result can be transferred to the multiperiod case.
